ABSTRACT Colorado potato beetle, Leptinotarsa decemlineata (Say), is a major pest of potatoes in North America, Europe, and parts of Asia. It adapts quickly to adverse environments, thereby limiting the longevity of control strategies. Better understanding of variability among geographically isolated populations of this insect might create an opportunity to customize control techniques for local conditions. We investigated insecticide resistance, heat tolerance, and growth potential in six beetle populations collected from different locations in the United States. SigniÞcant differences were detected in insecticide resistance, egg mass size, and egg hatchability among the tested populations. Large egg mass size appeared to be offset by lower egg hatchability. We also observed a female-biased sex ratio at least in one of the strains. Population growth rates were different among the strains, but this parameter was not correlated to insecticide resistance. This suggests that using allopatric populations in comparative studies of insecticide resistance might result in confusing effects of geographic isolation with the effects of selection toward resistance.
Colorado potato beetle, Leptinotarsa decemlineata (Say) (Coleoptera: Chrysomelidae), is a dominant pest of potato, Solanum tuberosum L., in North America, Europe, and Asia (Alyokhin et al. 2008) . This insect has a diverse and ßexible life history that makes it adaptable to a variety of biotic and abiotic factors, as well as to human attempts at its control. Both larvae and adults feed on plants in the family Solanaceae. They are serious defoliators, sometimes completely destroying potato crops if left unmanaged. Furthermore, this species can rapidly become resistant to insecticides, challenging attempts at control (Alyokhin et al. 2008) .
Genetic and phenotypic diversity has been characterized across geographically isolated populations of the Colorado potato beetle. Genetic variations were detected by mtDNA (Azeredo-Espin et al. 1991 , Grapputo et al. 2005 and ampliÞed fragment length polymorphism (AFLP) markers (Grapputo et al. 2005) . Phenotypically, differences in host plant afÞnity (Horton et al. 1988) , photoperiodic response (Jacobson and Hsiao 1983) , and insecticide resistance (Hare 1990) were observed. Senanayake et al. (2000) also reported differences in oviposition and diapause behavior in Colorado potato beetle populations from east central Minnesota (Big Lake and Rosemount) and the Red River Valley (Winnipeg, Grafton, Grand Forks, and Fargo) . The variation in that study existed not only between those two geographically separated areas, but also among different locations within each area.
Despite observed differences among localities, management recommendations are commonly developed based on studies with a single Colorado potato beetle strain, often maintained under laboratory conditions over extended periods of time (e.g., Argentine et al. 1989 , Trisyono and Whalon 1997 , Mota-Sanchez et al. 2006 . This is particularly true about the assumption of reduced relative Þtness in insecticide resistant strains in the absence of insecticide-induced selection pressure. Although such an approach is often valid, a better understanding of geographic variability among Colorado potato beetle populations might eventually allow a better customization of control techniques to local conditions. The objective of this study was to determine if phenotypic variation in geographically isolated populations may compromise a common "one size Þts all" attitude toward managing insecticide resistance in the Colorado potato beetle.
Materials and Methods
Insect Sources. Colorado potato beetles used in this study originated from different geographic locations including Maine-Fryeburg (ME-FR), Maine-Presque Isle (ME-PI), Michigan (MI), Long Island, New York (LI), Virginia (VA), and New Jersey (NJ). Because of distances between these locations, it was reasonable to assume the existence of reproductive isolation among the populations (GraÞus 1995 , Boiteau et al. 2003 . Mean annual temperatures during the last 5 yr for each location were listed in Table 1 . ME-FR, MI, and LI strains were collected from commercial potato farms and were characterized by resistance to numerous insecticides (Alyokhin et al. 2008 ). The NJ strain was reared in the laboratory for Ͼ20 yr without any exposure to insecticides (French Agricultural Research Inc., Lamberton, MN). Because of its extreme susceptibility to insecticides, this strain has been extensively used as a reference strain in resistance studies conducted in various laboratories (e.g., Olson et al. 2000 , Mota-Sanchez et al. 2006 , Szendrei et al. 2012 . The ME-PI and VA strains were obtained from university research farms because of their susceptibility to insecticides and used to test whether the laboratory NJ strain was representative of insecticide-susceptible Þeld strains.
Overwintered adults were collected in the Þeld as they were colonizing potato plants at the beginning of 2010 Ð2012 growing seasons and shipped overnight to our laboratory in Styrofoam containers with ice packs. Once the beetles arrived, they were moved into wooden cages (45.72 by 76.2 by 48.26 cm) in the greenhouse and placed on potted potato plants (ÔKa-tahdinÕ). The eggs that they laid were collected and transferred to the growth chamber (Percival ScientiÞc, Perry, IA) at a photoperiod of 16:8 (L:D) h and 25ЊC for both 2010 and 2012 experiments, but at 19ЊC for 2011 experiments because of the chamber space availability that year. The F1 adults that emerged from the soil were collected within 24 h and used in the described studies. To synchronize the beginning of the study, so that all the strains had the same number of pairs on the same day in a week, several of the newly emerged adults were kept at 5ЊC for up to 48 h Alford 1983, Alyokhin et al. 1999) .
Bioassay. Resistance to a commonly used insecticide imidacloprid was determined using the second instars weighing 6 Ð 8.5 mg. Technical grade imidacloprid (Bayer CropScience, Research Triangle Park, NC) was diluted with acetone (Fisher, Pittsburg, PA). A 1-l drop of insecticide solution was applied topically to the abdomen of each larva using a microapplicator single infusion pump (model 100, Cole Parmer Instrument Company, IL). At least nine concentrations ranging from 26 ϫ 10 Ϫ6 to 0.11 ϫ 10 Ϫ6 g/ml that caused from 0 to 100% mortality were tested, with 10 larvae per replication exposed to each concentration. Acetone was used as a control. After receiving the applications, the larvae were placed on excised potato leaßets inside plastic petri dishes. Larval mortality was recorded as the failure to move at least one leg after being prodded by the forceps for 10 s after 24 h of feeding on untreated excised potato foliage (Baker et al. 2007 ). LD 50 (lethal dose killing half of the exposed larvae) were analyzed in Polo Plus program (LeOra Software 2012). Lower and upper limits of LD 50 at 95% CI, and value of the slope were also calculated. Depending on the availability of larvae, the bioassays were replicated six times for the MI strain, seven times for the ME-PI strain, Þve times for the ME-FR strain, and nine times for the other strains.
Thermal Tolerance. The heat tolerance of the second instars from LI, ME-FR, MI, and NJ strains was tested in the environmental chamber (Percival ScientiÞc, Perry, IA) in 2012. Second instars were chosen as described in the Bioassay section, and then placed in the plastic petri dishes with a piece of fresh potato foliage. The high temperature treatment chamber was set at 43ЊC, while the control chamber was set as 25ЊC. Temperatures were selected based on the growth curves published by Ferro et al. (1985) and and on our preliminary observations. The time duration of heat exposure at 43ЊC was ranging from 2 to 8 h in 1-h increments. The experiment was replicated nine times. Each replication had 10 larvae. All the larvae were transferred back to the 25ЊC chamber to cool down for an hour to recover from a possible heat-induced coma (Huang et al. 2009 ). Mortality was recorded as described above, and the larvae were discarded. LT 50 (time of exposure to 43ЊC killing half of the exposed larvae) were calculated using probit analysis in Polo Plus with CIs set at 95%.
Fecundity and Fertility. One male and one female beetle were paired in a plastic container (5.5 by 4 by 2.1 cm) with cut potato foliage inserted in a ßoral pic Þlled with water and a layer of paper towel on the bottom. The foliage was replaced every other day during the experiment. The egg masses produced by the beetles were collected and stored in individual petri dishes. The number of eggs in each egg mass was counted under a dissecting scope. Once the eggs hatched, the larvae were counted and separated from the remaining eggs to minimize cannibalism. The experiment continued until all the adults were deceased. Thirty beetle pairs were tested for each strain in 2010, and 19 pairs was tested for each strain in 2011. Life expectancy was recorded for each female as the number of days from the date of her emergence from the soil to the date of her death. Reproductive period was recorded as the number of days from the date of the Þrst oviposition to the date of the last oviposition.
Larvae to Adulthood Survivorship. This study was conducted in 2010 for LI, ME-FR, MI, and NJ strains. First instars were collected within 24 h from their eclosion from eggs maintained in petri dishes as de- scribed above. Larvae from each strain were added separately to wooden frame screen cages with potted potato plants in the greenhouse. After the larvae completed their development and entered the soil to pupate, the pots were moved to the plastic boxes (33 by 14 by 11.5 cm) and brought to the laboratory. Once adults emerged, they were collected and their sex was identiÞed under a dissecting scope based on the presence (male) or absence (female) of a notch on the last abdominal sternite (Rivnay 1928) . The experiment was repeated four times.
Net Replacement Rate and Intrinsic Rate of Population Increase. Experimental data obtained in 2010 were used to model population growth for LI, ME-FR, MI, and NJ strains. Net replacement rate (R 0 ) was deÞned as the number of daughters that replace the mother over a course of generation (Birch 1948) . Mathematically, it was calculated for each strain according to the following formula:
where m was the fraction of reproductive females, n was the average number of eggs laid per female, l e was the fraction of fertile eggs, l a was the fraction of hatched adults, l r was the fraction of enclosing adults surviving to reproductive maturity, and s was the recorded sex ratio coefÞcient . The intrinsic rates of population increase (Birch 1948) were calculated based on the value of net replacement rate for all strains as follows:
where T represented the total development of one generation in days; t 1 was the time of egg to adulthood development, and t 2 was the preoviposition period of adult. In this study, t 1 was calculated as the sum of the egg to larvae development time and larvae to adulthood development time. Based on the calculated intrinsic rates of population growth, we estimated increase over a 50-d period for the initial populations of 100 beetles of each of the four strains as follows:
where N 0 was initial population size, N t was the number of individuals in the population after t units of time, and r m was the intrinsic rate of population increase calculated as described above (Ricklefs 1990 ). Statistical Analyses. Strain differences, except for R 0 and r m , were analyzed by analysis of variance (ANOVA) followed by Tukey tests (PROC GLM, SAS Institute 2012). Before the analyses, the collected data were tested for the normality by the WilksÐShapiro test at P Յ 0.05 (PROC UNIVARIATE, SAS Institute 2012). The nonnormal data were transformed by ranks (Conover and Iman 1981) . Statistical tests were conducted on the entire data set, as well as on the restricted data set that was limited to the Þeld-collected beetles and excluded the laboratory-maintained NJ strain.
The sex ratio of emerging F2 beetles was analyzed using 2 test (PROC FREQ, SAS Institute 2012). Means and SEs were reported using nontransformed data. To compare the R 0 and r m values among strains, we used a bootstrapping method in R statistical package (R Core Team 2012) with 500 reiterations (Maia et al. 2000) . Differences in bootstrapped R 0 and r m between each two strains were compared based on the overlap of 95% CIs (R Core Team 2012) . Correlations between the size of an egg mass and the proportion of eggs hatching, and between the egg production and female longevity were analyzed separately for each strain by SpearmanÕs rank correlations (PROC FREQ, SAS Institute 2012).
Results
Imidacloprid Resistance. Based on the 95% CIs, LI, ME-FR, ME-PI, and MI strains had LD 50 values higher than VA and NJ strains (Table 2; Fig. 1 ). The Þeld-collected VA strain also had higher LD 50 compared with the lab-reared NJ strain. Strains originated from Long Island (LI), Maine-Fryeburg (ME-FR), Maine-Presque Isle (ME-PI), Michigan (MI), Virginia (VA), and New Jersey (NJ).
a Resistance ratio, calculated as LD 50 of the given population divided by LD 50 of the susceptible NJ population. Thermal Tolerance. The LT 50 values for all tested strains overlapped with each other. In total, it took Ϸ4.83 Ϯ 0.06 h to kill half of the population at 43ЊC.
Fertility and Fecundity. Overall, 713 Ϯ 70 eggs, 32 Ϯ 3 egg masses, and 530 Ϯ 56 larvae (mean Ϯ SE) had been produced by each female in 2010. There was no signiÞcant difference in the number of eggs produced by females from different strains (df ϭ 3, 105; F ϭ 2.5; P ϭ 0.0636). Similarly, there was no signiÞcant difference between numbers of egg masses they produced (df ϭ 3, 105; F ϭ 2.11; P ϭ 0.1032). However, number of eggs per egg mass differed signiÞcantly among the strains, with LI beetles producing the smallest egg masses, followed by ME-FR beetles, and then by MI and NJ beetles (Table 3) . There was also a signiÞcant difference between the proportions of eggs hatching per egg mass in each strain. NJ strain had the lowest egg hatch, and LI strain had the highest (Table 3) . Hatchability per female also differed among the strains. MI beetles had the highest proportion of eggs hatched per female, while NJ beetles had the lowest (Table 3) . MI beetles also produced the highest number of larvae per egg mass compared with the beetles from the other strains (Table 3) . However, overall number of larvae produced per female did not differ among the strains (df ϭ 3, 98; F ϭ 1.07; P ϭ 0.3651). When the NJ strain was dropped from the analyses, the differences among the strains remained signiÞcant for the number of eggs per egg mass (df ϭ 2, 2617; F ϭ 26.71; P Ͻ 0.0001), and for the proportion of eggs hatching per egg mass (df ϭ 2, 2617; F ϭ 5.52; P ϭ 0.0041). Outcomes of the pair-wise comparisons among the strains by Tukey tests also stayed the same (Table 3) . The correlations between the number of eggs produced per egg mass and hatchability per egg mass were not signiÞcant for any strains (P Ͼ 0.05).
Females survived, on average, for 79.4 Ϯ 6.8 d, with no signiÞcant differences detected among the strains (df ϭ 3, 82; F ϭ 0.6; P ϭ 0.6198). However, longevity was signiÞcantly correlated with egg production for females from the LI strain (r s ϭ 0.58; P ϭ 0.007), ME-FR strain (r s ϭ 0.59; P ϭ 0.0218), and NJ strain (r s ϭ 0.77; P Ͻ 0.0001).
Results of the 2011 study were generally consistent with the results of the 2010 study, although statistically signiÞcant differences were detected for fewer parameters. On average, a tested pair produced 419 Ϯ 39 eggs, 20 Ϯ 2 egg masses, and 216 Ϯ 23 larvae. There was no signiÞcant difference in number of egg masses among the strains (df ϭ 4, 83; F ϭ 1.16; P ϭ 0.3348). Number of eggs produced per female was also similar among the strains (df ϭ 4, 82; F ϭ 1.37; P ϭ 0.2512). The NJ strain produced the largest number of eggs per egg mass as in the previous year, while VA strain had the second largest number of eggs per mass (Table 4) . There was also a signiÞcant difference in the proportion of eggs hatching per egg mass (Table 4) , but not per female (df ϭ 4, 82; F ϭ 2.28; P ϭ 0.0678). Number of larvae hatching per egg mass was not different among the strains (df ϭ 4, 349; F ϭ 1.79; P ϭ 0.1141). Number of eggs produced per egg mass (df ϭ 4, 349; F ϭ 1.27; P ϭ 0.2813) and per female (df ϭ 4, 81; F ϭ 0.55; P ϭ 0.6970) did not differ among strains neither. Dropping the NJ strain from the analyses did not affect the differences among the strains for the number of eggs per egg mass (df ϭ 3, 1422; F ϭ 7.29; P Ͻ 0.0001), and for the proportion of eggs hatching per egg mass (df ϭ 3, 1422; F ϭ 4.09; P ϭ 0.0067). Results of the pair-wise comparisons among the strains by Tukey tests were also unaffected ( Table 4) . As in the previous year, the correlations between the number of eggs produced per egg mass and hatchability per egg mass were not signiÞcant for any strains (P Ͼ 0.05).
The life expectancy of females was 46.9 Ϯ 3.2 d. It did not differ signiÞcantly among the beetles from different strains (df ϭ 4, 51; F ϭ 0.85; P ϭ 0.5014). Unlike the 2010 experiments, the correlations between the female longevity and egg production were not signiÞcant for any strains (P Ͼ 0.05).
Larvae to Adulthood Development. The number of Þrst instars was consistent among the strains, but ranged from 150 to 200 per strain among the replica- Strains originated from Long Island (LI), Maine-Fryeburg (ME-FR), Michigan (MI), and New Jersey (NJ). Means followed by the same letters in the same row are not signiÞcantly different (Tukey test; P Ͼ 0.05). Strains originated from Maine-Fryeburg (ME-FR), Maine-Presque Isle (ME-PI), Michigan (MI), Virginia (VA), and New Jersey (NJ). Means followed by the same letters in the same row are not signiÞcantly different (Tukey test; P Ͼ 0.05).
tions, depending on the availability of Þrst instars. First instars completed development to adulthood in 32.1 Ϯ 0.2 d. On average, 38 Ϯ 4 females and 32 Ϯ 4 males emerged per strain. The difference between the sexes was statistically signiÞcant (df ϭ 1, 95; F ϭ 4.34; P Ͻ 0.0001), but the interactions between strains and sex was not (P Ͼ 0.05). However, when we analyzed sex ratios using 2 tests separately for each strain, the difference was signiÞcant only for MI beetles (56% females vs. 44% males; df ϭ 1; 2 ϭ 6.52; P ϭ 0.0107). ME-FR and NJ beetles emerged over a longer period of time compared with the LI and MI beetles (Table 3) .
Life Expectancy. In 2010, the life expectancy of adults was 76 Ϯ 5 d. It was not signiÞcantly different among the strains. The preoviposition period was signiÞcantly different among the females from different strains (Table 3) . MI strain started ovipositing earlier than other strains. However, the reproductive period did not show statistically signiÞcant differences among the strains (df ϭ 4, 83; F ϭ 0.37; P ϭ 0.8263). In 2011, life expectancy of adults was 40 Ϯ 3 d. There was no signiÞcant difference among the strains (df ϭ 4, 87; F ϭ 0.74; P ϭ 0.5640).
Net Replacement Rates and Intrinsic Rates of Population Growth. Intrinsic rates of population growth at 25ЊC were 0.089 for the LI strain, 0.091 for the ME-FR strain, 0.080 for the MI strain, and 0.067 for the NJ strain. Based on the variation estimated by bootstrapping the data (Fig. 2) , LI and ME-FR populations had the fastest growth rates, while NJ strain had the slowest growth rate. MI strain was intermediate. Differences in the intrinsic rates of increases resulted in signiÞcant differences in population growth (Fig. 3) . After 50 d, the LI and ME-FR beetles were estimated to be the most abundant, while NJ beetles were estimated to be the least abundant.
Discussion
We detected signiÞcant variation in susceptibility to imidacloprid among the tested Colorado potato beetle strains. LI, ME-FR, MI, and ME-PI beetles were resistant to this chemical, with resistance ratios ranging from 18 to 153 compared with the highly susceptible NJ strain. This is consistent with earlier reports for the LI and ME-FR strains (Mota-Sanchez et al. 2006; Alyokhin et al. 2006 Alyokhin et al. , 2007 . MI population also came from a commercial farm with a long history of reduced Þeld efÞciency of imidacloprid (D.M.-S., unpublished data). ME-PI beetles were collected from research plots on the university farm adjacent to a commercial Þeld treated with neonicotinoids. Field observations conÞrmed reduced activity of imidacloprid against the Colorado potato beetles on the plots where they were collected (A.A., unpublished data). VA and NJ beetles remained susceptible. However, the former had a signiÞcantly higher LD 50 compared with the latter, and its LD 95 was close to that of resistant strains (Fig. 1) . The difference was likely caused by the exposure of VA strain to insecticides in the Þeld, while the NJ strain was conÞned to the laboratory for Ͼ20 yr.
Heat tolerance was generally similar for all the strains, despite the differences in climate among the areas of their origin. Geographic variation in responses to extreme environmental conditions has been previously reported for Colorado potato beetles. The critical photoperiod that induces overwintering diapause is longer for populations from cool or northerly regions compared with populations from warm or more southerly regions (de Wilde and Hsiao 1981 , Goryshin et al. 1987 , Tauber et al. 1988 , Senanayake et al. 2000 . Furthermore, the level of cold-induced heat shock protein was lowest in the northern beetle populations, while beetles from the southern populations were more plastic in their response to cold shock (Lyytinen et al. 2012) . Temperature of 43ЊC used in this study was well above the optimal for this species , Ferro et al. 1985 . However, Colorado potato beetles normally avoid overheating by moving be- tween sun and shade within potato canopy (May 1981, Lactin and Holliday 1994) . It is conceivable that behavioral thermoregulation, which was not possible to evaluate in petri dishes used in our study, is more important for tolerating high temperatures than physiological thermoregulation.
Variation in demographical parameters in Colorado potato beetle was detected, but not obviously correlated with insecticide resistance. The major differences found in demographic parameters were the egg mass size and the proportion of eggs hatching. The laboratory-reared NJ beetles had the largest egg masses, followed by VA beetles. LI, ME-FR, and ME-PI beetles had smaller egg masses. Egg masses laid by the MI beetles were intermediate in size, and, unlike the other strains, there was a considerable numerical difference between the 2 yr of the study.
Large egg mass size appeared to be offset by lower egg hatchability, particularly in the NJ beetles. As a result, there were no detectable differences in the number of live progeny produced by females from different strains. Basit et al. (2012) observed a similar phenomenon in sweet potato whiteßy, Bemisia tabaci (Gennadius), where the numbers of eggs laid by one of the tested populations were signiÞcantly lower compared with that of other populations, but the proportions of hatching eggs were signiÞcantly higher. Consequently, the growth index was similar for all populations tested in that study. Newly emerged Þrst-instar Colorado potato beetles often cannibalize the unhatched eggs (Harcourt 1971) . Therefore, it is possible that an apparent negative relationship between the size of egg masses and the proportion of hatching larvae is at least partially because of increased cannibalism. However, lack of signiÞcant correlations between these two parameters within any of the strains does not support such an explanation.
Colorado potato beetle is a "bet-hedging" species that distributes its eggs in space and time to avoid potential catastrophic losses in unstable environments (Voss and Ferro 1990) . Therefore, laying eggs in smaller clusters might increase survivorship of the offspring in inherently unstable agricultural settings by, among other things, increasing the probability of escaping its exposure to lethal doses of insecticides. This might explain smaller egg mass sizes in the insecticide-resistant strains. The NJ strain had been maintained in a relatively stable laboratory environment for many generations, and had the largest egg masses.
Fecundity, fertility, and life expectancy were noticeably lower when beetles were maintained at 19ЊC in 2011 than when they were maintained at 25ЊC in 2010. This is not surprising because the latter is a more favorable temperature for beetle development than the former (Ferro et al. 1985 . Nevertheless, the differences among the strains were consistent between the 2 yr.
We observed a signiÞcantly female-skewed sex ratio in the MI strain. To the best of our knowledge, this is the Þrst such record. Sex ratio in the Colorado potato beetle is generally assumed to be 50:50, but the assumption seems to be usually made without presenting actual data. Female-biased sex ratio might result in a more rapid population growth. However, MI strain appeared to have high variation in all measured parameters, possibly because it is undergoing rapid evolutionary change in response to selection by neonicotinoid insecticides. Therefore, caution should be exercised when interpreting such results.
The net replacement rates and intrinsic rate of population growth calculated in our study were generally close to those obtained by . In the same time, relatively small differences in the demographic parameters measured in the current study resulted in considerable differences in population growth between the ME-FR and NJ strains (Fig.  2) . This is a potentially important consideration, as many studies comparing relative Þtness of different strains do not calculate intrinsic rates of population growth.
Our results contrasted with the general convention that insecticide resistant strains have reduced Þtness compared with the susceptible strains (Argentine et al. 1989 , Baker et al. 2007 ). To the contrary, the slowest growing population was that of the highly susceptible NJ beetles. However, the NJ strain has been maintained in the laboratory for many generations, and could have been affected by inbreeding depression, selection toward adaptation to captive environment, genetic drift, and founder effect. Indeed, proportion of hatching eggs was lower in that strain compared with the Þeld-collected susceptible VA beetles.
In theory, lack of Þtness costs might be at least partially responsible for the Colorado potato beetleÕs propensity to develop insecticide resistance. Similar cases have been reported for several other species notorious for their adaptation to insecticides, such as the aforementioned B. tabaci (Crowder and Carrier 2009, Basit et al. 2012) , western ßower thrips, Frankliniella occidentalis (Pergande) (Bielza et al. 2008) , German cockroach, Blattella germanica (L.) (Ang and Lee 2011) , and codling moth, Cydia pomonella (L.) (Undorf-Spahn et al. 2012 ). However, several previous studies presented a compelling evidence of reduced reproductive success, overwintering survivorship, and walking speed in imidacloprid-resistant Colorado potato beetle strains (Alyokhin et al. 2006 , Baker et al. 2007 , Baker and Porter 2008 . Furthermore, we have no reason to believe that genetic differences between the strains were conÞned to the alleles conferring resistance to imidacloprid. There is considerable evidence of phenotypic and genetic variability among the Colorado potato beetle populations (Jacobson and Hsiao 1983 , Horton et al. 1988 , Hare 1990 , AzeredoEspin et al. 1991 , Grapputo et al. 2005 . Therefore, this study should not be interpreted as a proof that imidacloprid resistance in the Colorado potato beetle is never associated with Þtness costs.
Our results highlight the difÞculty of designing comparative studies of insecticide resistance. Identifying sympatric Þeld populations that are genetically similar except for resistance to a particular chemical of interest is often difÞcult. Using allopatric populations might result in confusing effects of geographic isolation with the effects of insecticide resistance. Laboratory selection allows controlling initial genetic background of resistant and susceptible strains. However, it is not always representative of selection under the Þeld conditions. Furthermore, maintenance under laboratory conditions over extended periods of time might affect genetics of studied strains independently of insecticide selection regimes. Among other factors, these methodological difÞculties contribute to a persistently challenging nature of insecticide resistance management. To be truly successful, management techniques should take into consideration speciÞc characteristics of local populations.
